INTRODUCTION of a Michelson interferometer as a method for quantita-
In this paper, we describe OUT experimental evaluation tive nonlinear ultrasonic measurements. Other detection methods for nonlinear ultrasonics, most notably capacitive and piezoelecuic receivers, have been in use for several years. However, interferometric detection possesses advantages not available with these methods. The interferometer provides a direct means of absolute amplitude calibration, is noncontacling, possesses a wide bandwidth, requires lessand affords excellent spatial resolution (typically 10 pm).
extensive sample preparation than the capacitive method, A common technique for measuring nonlinear uluasonic behavior uses the phenomenon of harmonic generation. A finite-amplitude toneburst at frequency WO is launched in the specimen. The detected wave contains a component of amplitude AI at the fundamental frequency WO. a compnnent of amplitude A2 at the second-harmonic frequency 2w0. and so on. It is standard to define the nonlinearity parameter p comprising a combination of the second-and thud-order elastic constants C,j and Ck!,,,. For instance, p = 3 + implies [l] (C111/C11)forlongitudinalwavesinanisotropicsolid. This Contributions of NIST are not subject to copyright. A harmonic-generation experiment is usually performed in the following manner. First, the calibration is achieved by driving the reference mirror's piezoelectric control with a low-frequency sine wave. The interferometer consequently passes through multiple fringes, and V,, can be measured from the photodiode output. Next, a relatively large-amplitude toneburst wave (typical displacement 1-10 nm) is launched into the specimen, and the transmitted waveform Vdet ( t ) detectedby theinterferometerisrecorded. Digital notch filtering is used to convert V,,,(t) to its components Vdet(w) and Vdet(2wo). Then (2) and (3) are used to calculate the displacement amplitudes A, and Az. The measurements are repeated for a series of amplitudes using stepped attenuators on the toneburst output.
several ( A I , Az) pairs and then finding the slope of the As (1) indicates, IpI may be determined by measuring line A2 vs. A:. This "slope-determination method offers more precision than a single ( A , , Az) pair. Moreover, the measurement uncertainties 6Al and 6A2 can be included in the calculalion of 60 by using a linear least-squares fit which accounts for errors in both 2: (A:) and y (Az) [41. 
B. Experimenlal Results

COMPARISON WITH OTHER METHODS
A. Capacitive Delection Method
As a corroboration of the interferometer results, we also determined 181 for the same specimen using capacitive dethe specimen acts as one plate of a capacitor. Ultrasonic vi- I l n ( t ) , Iout(t), V.,(t), and V,,,(t) Table I were Figure 3 shows another way to compare results from all where H ( w ) is a calibration function. The calibration re-determined from a least-squares-fit slope to all data points quires an independent pulse-echo experiment in which the in each experiment. it is also possihle to calculate 181' for IA(.)I = II(@)llH(.)l> 
0.
We validated the method using a fused silica specimen, and compared the results to those obtained with a capacitive receiver and a piezoelectric uansducer. Wlth the experimental geomeny used for the interferometric experiments, diffraction is a significant effect. When ultrasonic diffraction corrections are applied to the experimental results, lpl'
gives usconfidence in using the Michelson interferometer as is in good agreement with literature values. Our comparison a reliable method to study nonlinear ultrasonic wave propagation.
